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Fig. S1
The fragment-guided docking approach in Surflex. A portion of the co-crystallized ligand (shown with the adenine moiety in the receptor PhoQ, PDB: 1ID0) is retained and utilized to guide the placement of compounds in the active site.
Fig. S2
The docked conformation of AMP-PNP in the active site of PhoQ superimposed with the adenine moiety (orange) of the co-crystallized structure. The computed RMSD between these two moieties was 0.108. 
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Fig. S5
The complete multiple sequence alignment (MSA) of HK homologs retrieved from the UniProt database and aligned using the Consurf Protein database. 18 Highly-conserved active site residues are outlined in red and indicated by a red arrow (Asn found in N Box region, Asp found in G1 box region, Leu found in G2 box).
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Fig. S9
Triton X-100 restoration of HK853 activity labeling. Since NH125 (3) was proposed to be a nonspecific colloidal aggregator 20 , Triton X-100 was added to prevent NH 125-induced aggregation. As judged by coomassie staining, there is even loading of protein in lanes 3 and 4. Lane 3 in the fluorescence gel shows a drastic decrease in activity-based labeling; however, restoration of labeling was demonstrated when detergent was added in lane 4. This supports that the mechanism of HK inhibition by NH125 (3) is through aggregation. Additionally, Triton X-100 was used in aggregation experiments to restore HK853 to native oligomeric states. 90 ng HK853 was loaded per lane. 
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Experimental Methods
HK853 Construct (Thermotoga maritima)
The HK853 histidine kinase protein construct was generated as described previously
21
PCR Site-Directed Mutagenesis for Generation of HK853 D411A Construct 22 The DNA synthesized for wild-type HK853 was used as a template. Sense and antisense primers that originally coded for D411 were altered to alanine (See Table S3 ). Primers were ordered from New England Biolabs. Two reactions were prepared in PCR tubes: 2.5 ng HK853 wild-type DNA template, 2.5 µL 2.5 mM dNTPs, 2.5 µL 10 X Pfu buffer, 14.65 µL nuclease-free water, and 0.25 µL 100 X Pfu. To one tube, 2.5 µL of 5 µM mutant sense primer (FHJ088) and 2.5 µL of 5 µM outermost wild-type antisense primer were added. To the other, 2.5 µL of 5 µM outermost wild-type sense primer and 2.5 µL of mutant antisense primer (FHJ089) were added. The final reaction volumes were 25 µL. The PCR reaction was 95°C for 60 s; 30 cycles of 95°C for 30 s, 56°C for 120 s, and 72°C for 90 s; and 72°C for 360 s. To amplify the mutated template, 0.5 µL of product from both the first and second tubes were mixed with 5.0 µL 2.5 mM dNTPs, 5.0 µL of 5 µM outermost sense primer, 5.0 µL of 5 µM outermost antisense primer, 5.0 µL of 10 X Pfu buffer, 28.5 µL nuclease-free water, and 0.5 µL 100 X Pfu to a total volume of 50 µL. The same PCR method was run. PCR product was purified, digested, and ligated into the p-His-parallel vector as before. 23 The DNA sequence was confirmed as successful through sequencing at the Indiana Molecular Biology Institute. Additionally, transformation of p-His-parallel-HK853 D411A
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into E. coli strain BL21 (DE3)Rosetta, pLysS, and subsequent protein overexpression and purification were performed as described previously 21 . Overexpressed mutant protein is shown in Fig. S15 , and the final protein properties are shown in Table S4 . 
Circular Dichroism (CD) Spectroscopy of HK853 Proteins
Previous CD methods were used as guidelines for this procedure. 24, 25 Using a Jasco J-715 CD spectropolarimeter, CD spectra were acquired for purified HK853 wild-type and D411A proteins.
Proteins were exchanged into 10 mM potassium phosphate, pH 7.5, four times using 0.5-mL 10K Amicon Ultra centrifugal filters (Millipore). The Bio-Rad DC Protein Assay was used to determine protein concentrations, which were 0.111 mg/mL for HK853 wild-type and 0.110 mg/mL for HK853 D411A.
Buffer and protein solutions were filtered with 0.22-µm Ultrafree-MC centrifugal filters (Millipore) to ensure the removal of any particulates that could interfere with CD readings. Protein solutions were loaded into a 0.1-cm quartz cuvette (Hellma), and spectra were obtained at 25°C. Each spectrum was measured in triplicate with the following parameters: standard (100 mdeg) sensitivity, 190-270 nm range, 0.5 nm data pitch, continuous scanning mode, scanning speed of 100 nm/min, response of 1 s, 1.0-nm bandwidth, and an accumulation of 4 scans. Spectra were smoothed using a Savitsky-Golay filter (15-point smoothing window). Averaged buffer spectra were subtracted from the protein spectra. The CD data in millidegrees were used to calculate mean residue ellipticity, [θ], according to the following equation:
[θ]= (millidegrees)/(path length in mm x concentration in M x number of amino acid residues). 25 The final units for mean residue ellipticity were deg cm -1 dmol -1 . Additionally, data from each CD spectrum (in millidegrees) were submitted to Dichroweb for secondary structure analysis using SELCON3 and reference set 4. [26] [27] [28] Values for helices, strands, and turns from each spectrum were averaged, and error
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Saturation Transfer Differential NMR Experiments
All NMR spectra were acquired at 298 K on a Varian DDR 600 MHz spectrometer operating at 599.8
MHz or a Varian DDR 800 MHz spectrometer operating at 799 MHz for 1H, both equipped with a 5mm triple resonance inverse detection probe with z-axis gradient. Saturation transfer difference (STD) spectra were acquired using a standard Varian STD pulse sequence that subtracts NOE spectra from reference spectra during the experiment. 29 Saturation transfer time was 2 s using a 47 ms Gaussian pulse. Irradiation was alternated between 0.73 ppm and 30.2 ppm for the NOE and reference portions, respectively.
Sample preparation
Ligand stocks were made with DMSO-d 6 and phosphate buffers were prepared in D 2 O.
Unless otherwise noted, each sample tube contained 5 mM ligand + 0.25 mM protein (20:1 excess of ligand to protein) + 75 mM phosphate buffer in a 500 µL total volume D 2 O.
Determination of K d Using STD-NMR
The approach of Angulo et al. was used to construct the binding isotherms of compounds 50 and 51 to HK853 using the initial growth rates approach (Tables S5 and S6 ).
11
A variant of the STD-NMR sequence was utilized for selective saturation and the acquisition of on-and-off resonance spectra 30 .
Values of 0.73 ppm and 30.2 ppm were used for on-and off resonance frequencies, respectively. To construct the STD buildup curves (Figs. S17 and S18), stock solutions of compounds 50 and 51 in DMSO were titrated (DMSO did not exceed 1% v/v) into a sample of 0.53 µM HK853 in 500 µL D 2 O and spectra were acquired at 25 ºC using an array of saturation times of 1, 2, 3 and 4 s. The concentrations of compounds 50 and 51 ranged from 0.6 -4 mM and the samples were allowed to equilibrate for 15 min between titrations. Plotting the initial slopes and fitting to a Langmuir isotherm yielded the thermodynamic K d values of 50 and 51. 31 Data were based on the aromatic protons of 50 (6.80-6.84 ppm) and 51 (7.85-7.90 ppm) and processed using MestreNova 6.02. 
S41
